The Schrodinger equation for non-relativistic quantum systems is derived from some classical physics axioms within an ensemble hamiltonian framework. Such an approach enables one to understand the structure of the equation, in particular its linearity, in intuitive terms. Furthermore it allows for a physically motivated and systematic investigation of potential generalisations which are briefly discussed.
MOTIVATION
It is often stated that of the two departures from Newtonian physics at the beginning of the twentieth century, relativity theory has a pleasing physical foundation while quantum theory is grounded more in abstract mathematical structures. Textbooks either quote the Schrodinger equation with little motivation or obtain it as the description of state evolution in a particular picture: but the reason for choosing states in a linear vector space in the first place is left unexplained.
Schrodinger's original derivation, involving analogies with wave optics and various limits, is now considered only of heuristic value as he was then still unaware of the interpretation of the wavefunction as a probability amplitude rather than a physical wave. However, with hindsight, we know that Schrodinger's equation may be re-written in more familiar terms through a change of variables; starting from
one performs a Madelung transformation (Madelung, 1926) ψ = √ p e iσ/h which decomposes the Schrodinger equation into two real equations,
the summation convention being used unless otherwise stated and the overdot referring to a partial time derivative. The first equation is a generalisation of the classical Hamilton-Jacobi equation, the term with explicit h dependence, the "quantum potential," summarising the peculiar aspects of quantum theory.
If the quantum potential is ignored then the equations have a simple classical interpretation: It is assumed that one is uncertain about the initial conditions so that probabilistic methods must be used to describe the location of the particle.
With p(x, t) denoting the normalised probability density, the second equation of motion above is the continuity equation with σ determining the velocity, v i , through v i = (∂ i σ )/m. What transforms the classical ensemble dynamics into quantum mechanics is the quantum potential, the point of focus in the deBroglie-Bohm picture (Bohm and Hiley, 2003; Holland, 1993) . However the structure of the quantum potential is unusual, making the quantum Hamilton-Jacobi Equation (2) difficult to understand in purely classical terms. Though some studies, such as those of Nelson (1966) and Markopoulou and Smolin (2004) , have been made to derive (2) from some stochastic micro-dynamics, the assumptions either go beyond familiar classical physics or introduce additional ingredients that raise new puzzles.
A somewhat different approach has been to start with the plausible classical ensemble Hamilton-Jacobi equation, argue that it is incomplete, and then try to constrain possible extensions by some consistency requirements. Two such recent derivations are in Hall and Reginatto (2002) and Parwani (2005a) . The assumption of Hall and Reginatto was that the classical equation only described the mean motion of the particles, and that the momentum of the particles have some fluctuations about the mean value. It was postulated that those fluctuations obey an exact uncertainty relation (Hall, 2001) , and that the fluctuation term also obeyed some axioms such as locality and separability. In Parwani (2005a) on the other hand, the maximum uncertainty (entropy) principle (Jaynes, 1957a (Jaynes, ,b, 2004 was used, as suggested earlier in Reginatto (1998a,b) and Frieden (1989) , to constrain the probability distribution p(x, t). The constraint was implemented through a lagrange multiplier and the unique uncertainty measure that accompanies the lagrange multiplier was constructed from physically motivated axioms. The end result in both approaches is that the classical Hamilton-Jacobi equation gets a
